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FIXTURE ~ND METHOD FOR UNIFORM BLECTROLESS

METAL DEPOSITION ON INTEGRATED CIRCUIT BOND PADS

FIELD OF THE INVENTION

The present invention is related in general to the
field of semiconductor devices and processes and more
specifically to a fixture and process for electroless
plating bondable metal caps onto bond pads of integrated

circuits having copper interconnecting metallization.

DESRCIPTION OF THE RELATED ART

In integrated circuits (IC) technology, pure or
doped aluminum has been the metallization of choice for
interconnection and bond pads for more than four decades.
Main advantages of aluminum include ease of deposition and
patterning. Further, the technology of bonding wires made
cf gold, copper, or aluminum to the aluminum bond pads has
been developed to a high level of automation,
miniaturization, and reliability. Examples of the high
technical standard of wire bonding to aluminum can be found
in U.S. Patents # 5,455,195, issued on Oct. 3, 1985 (Ramsey
et al., "“Method for Obtaining Metallurgical Stability in
Integrated Circuit Conductive Bonds”); # 5,244,140, issued
on Sep. 14, 1993 (Ramsey et al., "“Ultrasonic Bonding
Process Beyond 125 kHz”); # 5,201,454, issued on Apr. 13,
1993 (Alfaro et al., “Process for Enhanced Intermetallic

Growth in IC Interconnections"); and # 5,023,697, issued on
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Jun. 11, 1991 (Tsumura, “Semiconductor Device with Copper
Wire Ball Bonding”).

In the continuing trenZ tc miniaturize the ICs, the
RC time constant of the interconnection between active
circuit =lements increasingly domirnates ths achisvable IC
speed-power product. Consequen:ly, the =relatively high
resistivity of +the interconnecting aluminum now appears
inferior to the lower resistivity ¢ metals such as copper.
Further, the pronounced ssnsitTivity oz aluminum  to
electromigratiocn is becoming e serious obstacle.
Consequently, thera s ncw & strong drive in the

semiconductor industry to employ copper as the preferred

interconnecting metal, based on its hicher electrical
conductivity and lower electromig¢rzzion sensitivity. From -
the standpoint of the matire zluminum interconnection

technology, however, this shiZt to copper is a significant
technological crallenge.

Copper has to e shielded ZIZrom diffusing into the
silicon base material of the ICs :iIn order to protect the

circuits from =zhe carrier lifetime killing characteristic

cf copper atoms positioned In the silicor lattice. For
bend pads mecde of copper, tha formztion of thin

ccpper(i)oxide films during zhe manufacturing process flow
has to be prevanted, since <these films saverely inhibit
raliable attachment of bording wires, especially fpr
conventional <c¢cid-wire Dball bcncing. In contrast to
aluminum oxide films overlyin me-allic zluminum, copper

o

x

ide films overlying metailic «ccpper cannot easily be
broken tv a compinaticn of tharmcccrmpression and vltrasonic
energy zpplied in the bending pprocess. As further
difficulty, Dbare cop?er bcnd peds are susceptible to

corrosicn.
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In order to overcome tnese problems, a process has
been disclosed to cap the clean copper bond pad with a
layer of aluminum and thus re-construct the traditional
situation of an aluminum pad to be bonded by conventional
gold-wire ball bonding. A suitable bonding process 1is
described in U.S. Patent # 5,785,236, issued on Jul. 28,
1998 (Cheung et al., "“Advanced Copper Interconnect System
that is Compatible with Existing IC Wire Bonding
TéchnologY’). The described approach, however, has several
shortcomings.

First, the fabfication cost of the aluminum cap is
higher than desired, since the process requires additional
steps for depositing metal, patterning, etching, and
cleaning. Second, the cap must be thick enough to prevent
copper from diffusing through the cap metal and possibly
poisoning the IC transistors. Third, the aluminum used for
the cap 1is soft and thus gets severely damaged by the
markings of the multiprobe contacts in electrical testing.
This- cdamage, in turn, becomes so dominant in the ever
decreasing size of the bond pads that the subsequent ball
oond aztachment is no longer reliable.

A low-cost structure and method for capping the
copper bond pads of copper-metallized ICs has Dbeen
disclosed on U.S. Patent Application # 60/183,405, filed on
18 Feb. 2000. The present invention is related to that
application. The structure provides a metal layer plated
onto the copper, which impedes the up-diffusion of copper.
Of several possibilities, nickel is a preferred choice.
This laver is topped by a bondable metal layer, which also

impedes the up-diffusion of the barrier metal. Of several

possibilities, gold is a preferred choice. Metallurgical
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connections c¢an then be perfcrmed =ty conventional wire
bonding.

It 1is difZicult, though, to clate these bond pad
caps uniformly in electroless deposizion systems, beéause
eléccroless deposition 1is aflected by local resactant

concentrations and Dby <the acg.taticn velocities of the

aqueous solution. Deposition deplez=2s =the reactants in
areas around the bond pads. _ncreasing the agitation of

the sclution cnly exacerbatzas tre depcsition non-

uniformity, whicnh is influencec by =tne fliow direction of

0O

the solution. T-2 problem is further ccmplicated when a
whole batch of wafers is to e plazad simuitaneously in
order to reduce cost, since known ccntzol methods have been
applied only to process single wzfers wunder applied
electrical Dbias. See, for examp.2, U.S. Patents #
5,024,746, issued Jun. 18, 19¢., anc # 4,931,149, issued
Jun. 5, 1990 (Stisrman et al., “Fixt:ire zand z Method for
Plating Contact Bumps for Integrated Cirzcuits”).

An urgent need has arisen for 2 reliable method of
plating metal cacs cver coppe:i bonc pads which combines
minimum fabricaticn cost with maximuxm plating' control of

all layers to be deposite azing method shculd be

Q
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flexible enough =0 bDe appiiec for Ziffsrent IC product
families and un of design and process

a r
variations. Praferablyvy, these ir~ovations should be

acccmplished whils shortening oproduction cycle time and
increasing throughput, and without ths need of expensive

additional manufacturing equipment.

Ti-30592 *ZFage 4



10

SUMMARY OF THE INVENTION

The present invention discloses a method and an
apparatus for uniform electroless plating of layers onto
exposed metallizations in integrated circuits such as bond
pads. The apparatus provides means for holding a plurality
of wafers, and rotating each wafer at constant speed and
synchronous within the plurality. Immersed in a plating
solution flowing in substantially laminar motion and at
constant speed, the method creates periodic superposition
relative of directions and speeds of the motion of the
wafers and the motion of the plating solution. The
invention <creates periodically <changing wafer portions
where the directions and speeds are additive and where the
directions and speeds are opposed and subtractive.
Consequently, highly uniformly layers are electrolessly
plated onto the exposed metallizations of bond pads. If
the plated layers are bondable metals, the process
transforms otherwise unbondable bond pad metallization into
bondable pads.

The present invention is related to high density and
high speesd ICs with copper interconnecting metallization,
especiallv those having high numbers of copper metallized
inputs/outputs, or “bond pads”. These circuits can be
found in many device families such as processors, digital
and analog devices, logic devices, high frequency and high
power devices, and in both large and small area chip
categories.

It 1is an aspect of the present invention to be
applicable to bond pad area reduction and thus to be in
éupport of the shrinking of IC chips. Consequently, the

invention helps to alleviate the space constraint of
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continually shrinking applications such as celiular
communication, pagers, hard cisk drives, laptop computers

and medical instrumentation.

Another aspect c¢f the invention is to deposit the

boﬁd pad metal caps Dy the sell-delining process of
electroless plating, thus zvoiiing c:cstly photolithograpnic
ancd alignment techniques.

Another aspect of tnhe inventi:zn 1s to accomplish the
control and stapility nesdec for succsssful electroless
metal deposition.

Another aspect'of~ he invent:on 3i1s to advance the
process and reliability of wafer-_svel multi-probing by
eliminating probe marxs and subsequent bonding
difficulties.

Another coject of the inventi:n is to provide design
and process concspots which ars flexizle so that they can be
applied to many families oZ semiconcuctor products, and are
general so that thev can ce avolied tTo several generations
of products.

Another c¢dbject o©f thes invention 1s to wuse only
designs and procsesses mosT ccomonly emp.oyed and accepted
in the fabricaticn of IC devicss, th:is avoiding the cost of
new capital investment anc us.ng thz installed fabrication
equipment base.

These objscts have beer achievrad by the teachings of
the invention ccncerning selesczzion :r-iteria, process flows
and controls suitable <for mass p2rocuction. Various

mocdifications have been succsssfulls emploved to satisfy

1

he requirements of different ctlating solutions.

o

In the first =2mcbodimsnt I the invention, an
apvaratus is disclosed for uniform 2lectroless plating of

layers onto exposed metallizazions 1n integrated circuits,
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such as bond pads, which are positioned on the active
surface of semiconductor wafers. The apparatus is suitable
for simultaneous processiﬁg of a plurality of wafers. It
provides rotation at constant speed synchronously to the
wafers and thus creates relative motion, between the wafers
and the chemical solution of a plating bath.

In the second embodiment of the invention, a plating
apparatus 1is disclosed which combines the rotation of the
wafers with the laminar motion at constant speed of the
plating solution. The superposition of rotational and
laminar motions and the resulting periodic changes of
direction and speed create periodically changing wafer

portions where the speeds are additive and where the speeds

are subtractive. The resulting controlled electroless .

deposition of metal creates uniformly plated layers.

In all preferred embodiments, the wvarious metal
layers zre deposited by electroless plating, thus avoiding
the need for expensive photolithographic definition steps.

The technical advances represented by the invention,
as well as the aspects thereof, will become apparent from
the following description of the preferred embodiments of
the 1invesntion, when considered in conjunction with the
accompanving crawings and the novel features set forth in

the appended claims.
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BRIEF DESCRIPTION OF THE DRAWINGE

FIG. 1 1is a schematic side view
embodiment of the invanticn, Tn: apparatus
electroless plating Including =z plurality
circuit wafers.

FIG. 2 1is a schesmatic enc viaw

embodiment of the invsanticzn, <©h2 ap

'O
v
]
3]
o
[
1]

electroless plating.

FIG. 3 is a scrnematic ccrmposite side

section of the secon? emdbodimsnt of <tche

of the first
for controlled

of integrated

of the first

for controlled

viaw and cross

invention, the

plating tank and agrparatus Ior controlled electroless

plating. .
FIG. 4 is a schemezic ccmposite and

section of the second embodimsnt of <the

fn

plating tank &and agpar

plating.
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DETAILED DESCRIPTION CF TEE FRETERRED EMBODIMENTS

Illustrating the first embodiment of the invention,

generally designated 100, FIG. 1 shows a side view of the
apéaratus for controlled electroless plating of uniform
metal layers onto exposed metallizations on a plurality of
integrated circuit (IC) wafers 101. Usually, there are 10
to 30 wafers in a batch. In the fixture 100, the wafers
101 are held approximately parallel to each other at
predetermined distances 102. A typical distance is in the
range from about S5 to 10 mm and thus several times wider
than the thickness of a wafer (about 0.25 to (0.75 mm). At
their rims, the wafers are loosely held in grooves 103 of
rollers. In FIG. 1, two rollers are shown, the bottom
roller 105 and the capture roller 104.‘ The rollers are
made of chemically inert plastic material such as
polypropylene. Instead of grooved rollers, toothed rollers
may be used. A practical groove is about 2 to 5 mm deep.
In the preferred embodiments, there are three rollers (see
FIG. 2) employed to contain the wafers.

It is an essential feature 6f the invention that the

rollers can be set in rotational motion by their respective

driven gears 104a and 105a, which are driven by a central

sun gear 110 (partially obscured in FIG. 1, but fully
visible in FIG. 2). With this feature, the turning sun
gear 110 drives all rollers at the same speed.
Consequently, all wafers 101, <contained in the roller
grooves 103 and held in secure contact with the roller
materizl by their weight, are rotating in unison at
constant speed and in synchronous manner. For wafers of
200mm diameter, preferred rotation speeds are in the range

of about 0.5 to 5 rpm.
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G. 2, fixture 200 is displayed in a schematic
end visaw. All three rcllers are indicated by their
respective driven geaxrs 204z, 105a and 106a. The position

of a 200 mm IC wafer is incicatsed by dashed line 10la. For

Hh

practical eass of lcading znd unloading of the wafers, one
of the rollerz (in FIGs. . and 2, the capture roller 104)
has a nandle 104b £fixed t> a pivot arm 201 so that the
roller 104 can be swung siZawise menually. In FIG. 2, the
closed vositicn is indicatsd by sciid lines for pivot arm
201 anc¢ driven gear 104>, the opened position by dashed
lines.

Illustrzting the saccocnd embediment of the invention,

as the process for

}—+
}—*

generally designatecd 300, as we
electrolsss plzting, FIGs. 3 and 4 show schematically the
cross section through a pizting tank fiiled by the liquid
plating‘ solution 302 wuz <to the surface 302a of the
solution. Ths plating tan< has an outer wall 30la and an
inner wall 30.>, separated oy a gar 303, which enables the
n FIGs. 2 and 4, arrows indicate
the flcw of zhe 1licuid sclution. As can be seen, the
soluticn entsrs tThe tank ZIrom ths Dbottem (arrows 310),
moves in laminar ZIlow &t constant speed upward (for
example, at & speed of 2¢{ cm/min) through the tank, and
exits Zrom tn2 tank surizcs (arrcws 311) by overflowing
into the reficzw gap :03. 2fter rsaching the tank bottom,
the flow cycls degins anew.

Turthex shown in FICs. 3 and 4 is the
apparatus/fixtuire fcr holZing & plurality of wafers,
explainsd in 7IG. 1 anc 2. Iin -IG. 3, the fixture 1is
illustrzted in side wiew 3Z) as in FIG. 1; in FIG. 4, the
fixture is illustratsd in =nad view 420 as in FIG. 2. As

can be ssen from FIG. 3, ths fixturs is loaded with a batch
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of wafere 221, contained on their side ecges wnhile their
active and passive surfaces covered by a protective resist
are exposed to the plating solution (the passive surfaces
are covered by a protective resist).

On its laminar flow from the bottom to the surface
of the tank, the plating solution flows substantially

parallel to the active surfaces of the wafers contained in

the fixture. in order to control the electroless plating

process and achieve uniform metal layer deposition, it is
an essential feature of the present invention that the
dirsction and soveed of the laminarly moving solution is
superposed by another relative motion. This additional
relative motion is generated by the rotgtion at constant
spead of the wafers held in the fixture (the fixture causes
the wafers to move synchronously with each other). With
this additional motion, a periodic superposition of
dirsctions and speeds is achieved between the motion of the
wafars and the motion of the solution, resulting in
periodically changing wafer portions where the directions
and speeds are additive and where the directions and speeds
are opposed and subtractive.

This pericdic relative motion in changing directions
between the plating solution and the rotating wafers is
crucial for cresating uniformly plated layers on exposed
metzllizations of the active wafer surfaces by controlled
electroless depcsition.

The preferred electroless process flow used for
plating uniform metal layers as caps onto exposed copper
metzllizations such as bond pads of ICs positioned on the
active surface of semiconductor wafers has the following
steps. The example' is chosen for fabricating a cap

consisting of two metal layers.
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Step l: Coatinc¢ the passive surface of tne IC wafers with
resist using 2 spin-on tecnnique. Thls coat will prevent

accidental metzl depos

-

ticn on the rassive surface of the
wafers.

Step 2: Bakinc tha resist, zvpiczlly at 110 °C for a time
period of abou:z 30 tcs 60 miInutes.

Step 3: Cleaning of zhe =xtosec bond pad copper surface
using a plasme ashing process fcr abcut 2 minutes.

Step 4: Loading the wafars into the apparatus/fixture
described abovs fcr ccntrcllad e:ectroless plating.

Step 5: Clearing by immersing the wafers, having the
exposed copper of the Dpcad rpads, 1in a solution of
sulfuric acid, nitric acid, or zany other acid, for about
50 to 60 seconcs. |

Step 6: Rinsirg in overflcw rinser for about 100 to 180

Step 7: Immersing <zthe wafers in a catalytic metal
chloride solution, such as calladiunm chloride, for about
40 to 80 seccnds. This step “activates” the copper
surface, i.e., 2 layer of s==2d metzl (such as palladium)
is depositad crnto the clean non-oxicdized copper surface.

Step 8: Rinsing in Zumgp =cinser Izr about 100 to 180

Step 9: Initizzing lilzminar motion =zt constant speed of

£

=1

Zirst electrolzsss plazing s:lution In plating tank.
nickel is to Dbpe plzted, =<he soluztion consists of an
aqueous solution of a nzckel szalt, such as nickel
chloride, socdium hvzo-pncschite, »2uffers, complexors,

accelerztors, stabilizars mcierators, and wetting agents.

Step 10: Immsrsing the wzfers Into the electroless
plating solution. The sclution, flowing in laminar
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motion &t constant speed, flows substantially parallel to
the active surface of the wafers.

Step 11: Initiating rotétion of wafers at constant speed
and synchronously with each other, initiating
superposition of directions and speeds of the waver
motion and the solution motion.

Step 12: Plating layer electrolessly. If a nickel laver
1s to be plated, plating between 150 and 180 seconds will
ceposit about 0.4 to 0.6 pm thick nickel layer.

Step 13: Stopping rotation of wafers.

Step 14: Removing wafers from plating solution.

Step 15: Rinsing in dump rinser for about 100 to 180

Step 16: Repeating Steps 9 through 15 for second
electroless plating solution, varying composition of
solution and plating time according to metal-to-be-
clated.

Step 17: Repeating Steps 9 through 15 for third
slectroless plating solution, .varying composition of

solution and oplating time according to metal-to-be-

Step 18: Stripping wafer protection resist from passive
surface of wafers for about 8 to 12 minutes.

Step 19: Spin rinsing and drying for about 6 to 8

While this invention has been described in reference

to illustrative embodiments, this description is not
intsnded to be construed in a 1limiting sense. Various
modifications and combinations of the illustrative

embcdiments, as well as other embodiments of the invention,
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will ©pe apparent tu persons sxkilled in the art upoh
reference to the description. As an example, the invention
can be applied to IC btond pad =metallizations other than
copper, which are difficuit or impossible to bond by
coﬁventional pall or wedge boncing techniques, such as
alloys of refractory metals and roble metals. As another
example, the invention aprlies o immersion plating and
autocatalytic plating. 2 secuence o©of these plating
techniques is particularly useful for electroless plating
of gold layers. As another examp-2, the invention provides
for easy control of the uniformity of plated layers by
modifying individually the flow speed of the plating
solution or the rotation speed of the wafers, even in the
course of one plating deposition. It is therefore intended
that the appended claims encompass any such modifications

or embodiments.
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